The environmental regulations are divided into three types including command-control (CER), market-incentive (MER) and public-participation (PER) in this paper. Based on the panel data in 30 provinces, cities and autonomous regions in China from 2003 to 2014, the threshold plate regression model was used to empirically test the threshold effect of different types of environmental regulations on FDI. The results are as follows: There are threshold effects on the impact of environmental regulations on FDI, an inverted U-type relationship between CER and PER and FDI, and a U-type relationship between MER and FDI. However, there is spatial heterogeneity in the impact of environmental regulations on FDI, wherein the results of the threshold effect in eastern regions are similar to those of the whole country. The impact of different types of environmental regulations on FDI in the central and western regions is not obvious with no threshold effect.
Introduction
With the deepening of reform and opening up, the scale of foreign direct investment (FDI) of China attracted from overseas is on the rise. According to the statistics of China Foreign Investment Report, the scale of FDI in 2015 reached a record high with the manufacturing causing major pollution attracting large foreign investment. the actual utilization of foreign capital was 126.667 billion dollars, ranking first for 24 consecutive years among developing countries. However, while FDI is providing driving force for the development of China through channels such as capital and technology, the issue of environmental pollution is worsening day by day. To tackle the increasingly prominent environmental problems, China's government has introduced a series of more stringent and diversified environmental regulations policies. The CER is gradually transferred into three-in-one environmental regulation policy system including CER, MER and PER. According to "pollution haven hypothesis", pollution-intensive enterprises often transferred to a less restrictive countries or regions to avoid their own strict environmental regulations. According to "porter hypothesis", a reasonable environmental regulation policy can improve the attraction of FDI and realize the win-win situation of environmental protection and economic development. Is China becoming a "pollution haven"? Or has achieved the win-win situation of "porter hypothesis"? Different environmental regulations have various mechanisms. Is there a dramatic difference in the impact of FDI?
Literature review
At present, many scholars have discussed the relationship between environmental regulations and FDI. The main points are as follows: first, environmental regulations have a negative effect on FDI, namely, the "pollution haven hypothesis" supported by some scholars. Under the established conditions, a strict environmental regulation policy will increase production cost, while a less restrictive one can significantly reduce cost. Thus, to maximize profits, enterprises will transfer to the countries or regions with a lower level of environmental regulations which has a strong attraction for FDI 1~2 . Second, environmental regulations have a positive effect on the inflow of FDI, namely, the Porter Hypothesis supported by others. From a dynamic point of view, a well-designed environmental regulation policy will drive companies to make technological innovation, thus reducing their production cost. With the help of innovation compensation and pioneering advantage, environmental regulations can improve the competitiveness of enterprises and has a positive effect on FDI [3] [4] [5] . Third, the impact of environmental regulations on FDI is little or even none, namely, environmental regulations are not a major factor affecting FDI [6] [7] [8] [9] . Forth, environmental regulations and FDI may not be a simple linear relationship, but a significant nonlinear relationship. The impact of environmental regulations on FDI is related to the regional heterogeneity of investment and the industrial heterogeneity. The high or low intensity of environmental regulations is not beneficial to the introduction of FDI. Only within the optimal regulatory range can FDI inflows [10] [11] [12] . From the perspective of the research on the existing literature at home and abroad, the scholars have conducted a more comprehensive study on the relationship between environmental regulations and FDI, but their studies regard environmental regulations as the intensity of regulations as a whole without distinguishing the types of environmental regulations. Moreover, in the method of estimating the nonlinear relationship between environmental regulations and FDI, exogenous sample separation method is adopted in most of the literature, which will cause deviation of the estimated result due to the subjective judgment of the environmental regulation range. Thus, in this paper, the three types of environmental regulations including CER, MER and PER are included into the environmental regulation evaluation system to test the impact of them on FDI, respectively. In the research method, the threshold panel regression model proposed by Hansen (1999) 13 is adopted and the threshold is determined internally based on the characteristics of the data itself. 
.1 Foreign Direct Investment (FDI)
As the data unit provided by official statistics is in US dollars, FDI, directly represented by the actual amount of foreign direct investment in the 30 provinces, cities and autonomous regions, is converted into RMB in line with the annual average exchange rate of RMB against the U.S. dollar.
Measurement of Environmental Regulations
On the basis of the study conducted by Zhao Yuming (2009) 14 and Zhan Jia (2015) 15 , environmental regulations are divided into three types including CER, MER and PER in accordance with implementation mechanism.
(1) Command-Control Environmental Regulation (CER). the intensity of CER is measured with reference to the index construction method of Levinson (2002) 16 based on the amount of environmental investment with "three simultaneousness" of design, construction and production, the per unit of industrial output in the 30 provinces, cities and autonomous regions of which ( it S ) is as follows:
P is the amount of environmental investment with "three simultaneousness" completed by province i in the year of t . it Y is the total output of industrial enterprises above designated size in province i in the year of t . As there are obvious differences in the industrial structure in the 30 provinces, cities and autonomous regions, if the per unit of industrial output of the amount of environmental investment with "three simultaneousness" is used to evaluate the environmental regulation level, the regulation level of pollution-intensive
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industries concentrated provinces will be overestimated, while underestimating the regulation level of clean-up industries. Thus, The proportion of industrial output in each province to GDP, namely, the industrial structure ( t S ), is used to revise ( it S ). The result is shown in formula (3):
The greater the it CER is, the higher intensity of environmental regulations.
(2) Market-Driven Environmental Regulation (MER). The pollution-discharge fee system exercised nationwide since 2003 is utilized to represent MER. Total amount of pollutiondischarge fees in the 30 provinces, cities and autonomous regions are used to measure the intensity of environmental regulations. Specific processing method is with the CER. (3) Public-Participation Environmental Regulation (PER). Environmental letters and visits in are used to measure PER. As the behavior of public participation will be influenced by the education level and the total amount of population, the proportion of population with high school education in each province and autonomous regions to those nationwide is regarded as adjustment factor.
Other Control Variables
Provincial gross domestic product (PGDP) is represented by the per capita GDP in each province (cities).Labor cost (WAGE) is represented by the average wages of workers in each province (cities).Foreign trade level is represented by total import and export trade and also converted into RMB in line with the annual average exchange rate of RMB against the U.S. dollar. Note: The data in parentheses are t. *** , ** and * are significantly at 1%, 5% and 10%, respectively.
An Empirical analysis of the impact of different types of environmental regulations on FDI
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In this paper, the software stata14.0 is used to test the impact of different types of environmental regulations on FDI. Before panel data regression, the P value of Hausman result is 0.0000, namely, rejecting random effect. Thus, the fixed effects model is to carry out the empirical analysis. The result is as table 1.
The estimated results of national overall samples at Table 1 show that CER is a significant driving force for FDI at level 1%. As CER has implemented in China for a long time, it is more fruitful compared to other environmental policies. It is easier for such long-term strategic behavior to create innovation compensation, boosting FDI inflows. The impact of MER on FDI at level 1% is notably negative, the reason for which may be that the short-term collection of pollution-discharge fee squeezes the funds for R & D and technological innovation while causing business costs to rise. As a result, corporate profit is reducing, competitive edge is decreasing, and the FDI attraction is weakening. The effect of PER on FDI is little and significantly negative, the reason for which may be that the form of PER is simple, the legal system is not perfect, and the environmental information publicity is not yet in place.
The estimated results of regional samples show that the impact of different types of environmental regulations on FDI is hugely different. The effect of CER and MER in eastern regions on FDI is larger than that of national overall samples, and the impact of PER on FDI is similar to that of national overall samples. The impact of environmental regulations on FDI in central and western regions is unobvious, and the impact of MER and PER on FDI is gradually weakening from the east to the west, which signifies environmental regulations are not yet a major factor impacting FDI in central and western regions. The empirical results of the control variables shows the factors including economic development, labor cost and trade opening up in central and western regions have stronger impact on FDI than that of environmental regulations. However, the development level of such factors is relatively slower than that of eastern regions, causing weak attraction in central and western regions. (5) and (6), respectively. Moreover, The above is only single threshold model, but there may be multiple thresholds, which can be done in the same manner.
The threshold effect of different types of environmental regulation on FDI
The setting of model
Model estimation and testing
There are two issues to be solved in threshold model. First, threshold value γ and all regression variable parameters β need to be estimated. Second, correlation test need to be done for threshold value. The intensities of SER, MER and PER are set as threshold variables in this paper. And bootstrap method is utilized to test the threshold effect of environmental regulations on FDI. The results are as follows. From the national overall level, the three have single threshold values, 0.0550, 0.7628 and 11.5470, respectively. From the respective of eastern, central and western regions, the threshold effect of environmental regulations on FDI is greatly diverse in different regions -the threshold effect in eastern regions is similar to that in national overall samples, but there is no threshold effect of environmental regulations on FDI in central and western regions. As the results in eastern regions are similar to national overall samples, threshold test results and threshold estimated values of national overall samples are selected, listed in table 2 and table 3 , respectively. national overall samples, there is single threshold effect of different types of environmental regulations on FDI.
Threshold regression and result analysis
In line with the above model estimation and test method, empirical analysis of threshold effect is as follows:
The Impact of CER on FDI
The impact of different types of environmental regulations on FDI is various, as shown in table 4. When the intensity of regulations in under 0.055, the impact of regulations on FDI is significantly positive, which suggests that FDI has a positive role in FDI inflows. "Three simultaneousness" policy, implemented in China for over 30 years, is easier to create incentive effect and will ensure companies to outshine others, making technological innovation actively. However, as enterprise endurance is limited, CER should be within a certain range. When the intensity of environmental regulations is above threshold value, namely, higher than 0.055, the impact on FDI is negative. Table 5 shows that threshold effect of MER on FDI significantly exists. There is a U-shaped relationship between MER and FDI. Given level 1%, environmental regulation is negatively related to FDI before the intensity of MER reaches 0.7628, the reason for which may be that pollution-discharge fees increase corporate cost and squeeze R & D funds, leaving decreasing company competitiveness. As a result, Some foreign direct investors are turning to invest in the regions with less restrictive environmental regulation. In the long term, when the intensity of environmental regulations is above 0.7628, the high pollution-discharge fees will lead to increasing corporate cost, which will force companies to introduce new technologies to reduce pollution and encourage them to perfect production process to improve efficiency and profit.
The impact of MER on FDI
With the above efforts, the companies will turn from the short-term crowding out effect to a long-term innovation compensation with competitive edge rising and FDI inflowing. However the standard of pollution-discharge fees is rather low. Some programs is less than 10% of pollution control costs, leading to no effective incentives for enterprises to reduce pollution and heighten technological innovation. The impact of MER on FDI is on the left side of the U-shaped curve. Table 6 shows that there is a U-shaped relationship between FDI and PER whose impact on FDI is smaller. In the short term, the coefficient of PER on FDI is 0.0173. However, with the weakening of such positive effect and the intensity of PER over 11.547, the coefficient will be 0.0069 -the higher the intensity of PER is, the less FDI will be. At the beginning of PER, the enhanced public awareness of environmental protection and increased environmental letters and visits can encourage enterprises to make innovation and attract FDI inflows. However, with the intensity of PER increasing, the influence of citizens is greater. They can negotiate with companies, go about for their ideas or even affect the corporate reputation and their public image by means of media exposure, environmental rating and the like. The companies are forced to take measures to tackle pollution issues even affecting business performance. Moreover, environmental information in China is not yet in place, which will cause environmental quality information mistakes for the public. They can hardly exercise supervisory right and even misunderstand the environmental information. All the above will leave companies in a passive status. Thus, the impact of PER on FDI is not significant or even negative. For other control variables, the impact of per capita ( PGDP ) on FDI is the greatest and significantly positive, which shows that the higher the economic development level is, the greater attraction to FDI will be. The estimated coefficient of labor cost (WAGE ) is also positive, which does not signify that cheap labor cost has become a factor attracting FDI. In fact, Chinese labor costs are relatively low to most investment output countries. And differences in regional wages at present suggest both the differences in labor costs and the differences in labor quality and spending power. The foreign trade level (TRADE ) also has a positive effect on FDI. The higher the trade level is, the more open the policies will be and the more FDI will be. FDI in China is mainly from countries and regions featuring market economy and eager to gain investment from economically open countries and regions, so the impact of PER on FDI is positive.
The Impact of PER on FDI
Conclusions and policy inspirations
The result of this paper shows that the impact of different types of environmental regulations on FDI is hugely various. The existence of "pollution haven" and "porter hypothesis" is relevant to the types and intensities of environmental regulations and different regions. The specific results are as follows.
From the respective of national overall samples, there is threshold effect of different types of environmental regulations on FDI. There is a U-shaped relationship between FDI and CER, MER and PER. However, the impact of PER on FDI is smaller that of CER and MER on FDI.
From the respective of regional differences, there is spatial heterogeneity in the impact of environmental regulations on FDI. Based on the above conclusions, the following policy inspirations can be obtained.
(1) Reasonable environmental regulation policies should be developed. Eastern regions should be shifted from CER to MER as the mainstay with PER as the supplement. The role of PER should be fully played. Central and western regions should accelerate economic development, enhance infrastructure and improve market share, creating a favorable environment for FDI inflows and the effective implementation of environmental regulation policy.
(2) The intensity of environmental regulations should be strengthened and the effect of innovation compensation should be developed. The above empirical study shows that the impact of MER on FDI is on the left side of the U-shaped curve, so the intensity of MER on FDI should be upgraded. As enterprise endurance is limited, CER should be within a certain range. So it will become a "booster" for FDI. ( 3) The investment strategies should be changed and the policies of attracting foreign investment need to be adjusted. Lucid waters and lush mountains are invaluable assets. Due to the growing issues of environmental pollution, China has been facing a critical moment of changing the "environment for growth" development model and heightens the standard of environmental regulations, strengthening the environmental supervision of FDI enterprises.
